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this freezing of the surface soil, ea ecially where con- 
tinuing over so long a period as notex abovo, may injure 
the hair roots near the surface of the ground and thus 
weaken the tree. 
TABLE 5.-Efect vf mi-er r,cy on anmrsrt of tcmprraturt, OF., ,itiriwioij 

mar ground. 
lAvernge mintmim tempersturc on clear nights.] 

SHELTERED TnERMOMETERS. 

: North plot. I South plot. 

Dothplotsiuco~ercrop ____.._.._.. 31.51 30 .71  - 0 . 8 :  30.9 m i /  -u.s 
North plot in mvcr crop: south plot I 

r1-n dtivatiou .._......_........ i %.o i 2 i .o  i +() .I  I ' I  28.2 23.1 i -0.t 
I I i I I 

UNSHELTERED TKERMOMETERS. 
----- 

1 k o r t h  ~ d o l .  I South plot. 

Hothplots!ncorererop ............ I 3.11 27.8 '  - 1 . 6 i  3 . 3 1  27.1 -1.2 

C l e m  cultivation ..................! z5.4 25.5 1 +0.1 i 23.0 I 22.4 -1.5 I North plot in cover crop; south plot I I 
. - 

The unshelt,erecl thermometers sliow this in n somc- 
what greater degree. (See Tables 4 a.nd 5.) 

The bare soil probably was warmed up to a depth of 3 
or 3 inches during the day, and t.his heat IITIS conducted 
to the surfwe during t,he night., partially ma.intaining the 
tern erature of the surface layer of air. On t.he other 
hnn f; , the corer crop ehsded t.he soil, prevent.ing its 
warming up to any considerable extent during the day ant1 
also acted as an insulating a.gent between t.he surfnce of 
the soil m d  tho surface hyer of the air durin 

It is not possible t.o draw :I definite conc usion from 
obserrnbions covering only one frost season, but all tlic 
evidence obt.ained thus fnr indicates thn.t, a coyer crop 
has little effect on t,he temperature R few feet a.l)ove the 
ground. If this conclusion is borne out by experimeiits. 
which it is hoped t.0 carry out in later seasons, any in- 
creased damage t o  fruit, by frost in a. cowr-crcippetl 
citrus grove must be att,ributed to some other agrnc*>- 
than a depression of t,he air temperature by the cover 
crop. If the greater dania e found in cover-cropped 
groves c!m not be esplaincf by natural differences in 
temperature, due to difference in elevntion or othcr 
such cause, t.he answer may bo found iii u physiologicnl 
effect of the cover crop on the tree. 

F the night. 

One of the principal effects of the coTer crop on t.he 
temperatmure is due to its shadin the ground and thus 

effect is discounted, however, in n citrus ove of old 

iinn of the prouncl and prevent the sun's rays from 
worining the soil t,ci t.he estent that would be t.he case if 
there were no trees present. It rendily can be seen t.hnt 
tlie effect of 11. cover crop in depressing the temperature 
on a clear, cnlni iiiuht would he grettter in a grove of 
young trees, :ind s d l  grelttm in nn n.lfnlfa field, without 
t.rees. 

.in intcrcsting point. brought out in this work was the 
fnct t h i t  thcrc: n-n.s 110 tem erstiire inversion within 5 

mas n tliffcrencc of ncarly n degree between the %foot 
ahelt.er nnd the. ground shelter while the cover crop 
rsninineil, but. this cliff erence clisn pettrecl entirely when 
tile cover crop \viis reinoved. TIis is brought out in  
Table 5. 

preventing tlie wirniing of t,he soi P during t,he day. This 

trees, because the trees themselvss shsde a F a.rge propor- 

feet of tha ground o w r  tlie c f e2i.n cult,irat.ed a.ren. There 

A SECOND EXPERIMENT ON COVER CROPS. 

A second csperioicnt with the object. of determining 
the influence of ;I w \ w r  crop on the frost hazard was 
vwrries on by Jir. Erkley S. Ellison, observer, U. Y. 
\Veat.hcr Bureriu, on the pro erty of the Fontana Farnis 
(lo., nenr Font'ann, Cnlif. d a t .  sctt.lement is situated in 
trstreine sout.liern San Boriinrdino County nbout -15 
iiiilcs due eilst, of t.lia town of  San Bernnrdino. 

Blr. Ellison's ohser\-at.ions were made at. the 5-foot 
level :ibovc the ground on ti, clcan cultirut,ed mea cmd 
on one t.hwt, w-tis covered w-it.h 
tion of the esperimental plot 
observations continued. His 
0\1m \\-ortls follo\v : 

l h u l t s  nbtained in ihie experiment. tend t.cJ show that a cw.-er mop 
incrrsses the frost hazard. although tho ainoimt of the inrrcme is RO 
finial1 a8 to be prwtir$ly nogligihle. - i t .  a distance of 5 fpnt aborc 
the ground, t.hc Iciwtwng of t r:~npcrartt.ure arnoiiiits to le= t h n  half B 
tirgwe F. Also the durcttion of critiml ternpomtures is not affected 
to any pmct.ics.l estcnt r c g i i d l w  of tlic condition of tlir. fiurf:tw. 
wliethcr croppc.d or clean. 

It. miglii. he that. whcn large arim XI'C plaiitd to ('over c.mps ilic 
influciire on the tcnipcraturc would bc more morked, but it j R  thc 
wiitw's hclief r.hat ( w n  then no coiixiderablc! infiuenr-e wvuld result, 
d u c ~  tn t h r .  relatively ernall effcct detected when B plot of 5 acrw is 
i~rtvl as a tiasis oi comparison. 

?;ilice 1.licl effect. of B cover crop, although  mall, can be noted at. a11 
I levation of 3 feel, there is rpason to suppsc that from that height 
i1iJu-n t.o the surfwe of the ground a givrater induenc-e would be exerted. 
'rhr rc.aiilta of this cxperinlent can not. t.hcrefore. be coiicrtrurd to lit 
I lie wwv of P grower who hrul a c~onsiderable portion of his crop l ~ l o w  i he 
.-,-foot Iravcl. Yi'ithin ihe cxwcr CI-p itsrli tile irtflrirwr-e of the vgetn- 
tion is probalrl!- grrat---two or three degmes at least '* * *. 

-A. b. H. 
CALCULATING TEMPERATURE EXTREYES I N  SPOKANE COUNTY, WASH. 

I$- E. >I. I<EYs~;.x, Mcteordogisl. 
[Wcnthw Riircai~.  9pnk?rr.~ X a 4 1 . ,  L'rlohrr 19. 1920.] 

Whatever degree of success was attained in tempera- 
ture calculations in Spokane County last spring cninr as  
a by-product, of tho snrvey.work wthorized here hy the 
Chicf of Bureau. The original stiinulus for undertaking 
these calculations came from a ersonal knowledge of tlic 
work being done in southern gregon nntl Cdiforniii l ~ y  
Meteorologist Flo?-d D. Young. This stinidus wnc; in- 
tensified by the various inspirntionnl and very prnci icul 
articles in MONTHLY W~:a~rrEr. RI.:VIEN- SjL'r1xEmxr 
No. 18 (Predicting Ilinimum Temperatures From IIygro- 
metric Data). The scope wns greiitly augmented by the 

willing :ind ncciirn te clericwl work clone hJ- Observer 
FrnnIc B. \Vhitne>-, spccinlly aissiyed to oirl in tbc survey. 

SCOPE OF IO%! TEJfl'ER.\TL-RI.: SURI'EY. 

Spokaiic C'onnty. 5 I inilcs long and 36 miles broad, 
touching Irlnlio c ~ i i  the carat. renclies within 66 miles of the 
(hii:tclizin hortlcr. 111 the survcy lasting froni Apiil 0 to 
.Iuiic 13 tenipenlture rccords w r ~  ohtttincd from nine 
strLtions outside of Sp)k:mc, n.liic.li is iienr the center of 
the county. Five of tliesc were in Spokane Vslley enst of 
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the city and the other four in what is called the Deer 
Park section north of the city. Stations wwre all equipped 
with maximum and niinimuiii therniomet.ers in charge of 
orchardists. Six of t,he st.at,ions hsd t-hermogaphs and 
one key station in each district a din ps;vchroniet.cr. 

data was obtained. Compaiison of the records of the 
different stations brought out most interesting results. 
Particular attention was given to minimum temperat.ure. 
It was found that the minima a t  the outside st.ntions 
showed a range on some ni&s of ns much as 11 O among 
themselves and in a number of cases of between 10’ and 
SOo as compared with the S oknne mininium. Report 

each station a.nd a detailed comparison of e:tch inininiiini 
wit.li t.he Spokane minimti. 

From these stations a body of VIL 7 uable t.emperaturc 

was made to t.he Central 0 2 ce of the daily niininia. :I.t 

SPOKAXE 1tECORLlS IN CALC‘ULATIOS CURVES. 

Early in the senson work w-a$ Iwgun on graph niaking. 
which resulted eventually in IL lnrge nuriiler o f  useful 
station and field graphs by means of which, wit.liout use 
of formula., any assistant or cooperative observer, rtftcr 
lmving obtained the evening relative huniidity ~ i i d  clew- 
point, could easily culculate the approximate minimum 
tem erature the following morning. The first grayhs 
ma if e were &year graphs hnsed on nll April and h ny 
Sp.oka.ne records from 1917 t.o 1921, inclusive. I t  was 
immediately seen that in many cases these curves gave 
very close approxiniations to the Spokane inininitL 12 
hours in advance. 11 little later similar dot charts were 
made for the A ril and May recorcls for 1912 to lglti, 
inclusive. The ieductioiis for t,he two sets were so nearly 
alike t.hat we were greatly encouraged. Also, for rarin- 
tion, formulrP were worked out for the t.wo sets and n tahlc 
of corrections repared for each ossihle humidity, t.o he 

addition and was used by the man on evening duty. 
While deductions from t.hcse gaphs  gavc nest morn- 

ing’s minimum within 3 O  practically 50 per ccnt of the 
t.ime and wit,hin 4O 75 per cent. of the t.ime, it; was notect 
t,liat the miss was ut times as great as So or IOo. l>iffc!rt.nt 
investigational plots were made and diflerent resenrches 
gone into in an effort to solve the ’‘ miss ” problem. While 
individual causes were c!iscqveretl for poor :i.pprosiniii- 
tions, the limited investigstions we were able to mike  
did not furnish US a clue to (I principle worthy of geiieral 
application. We had to cont.ent ourselves wit.li t.he 
uncorrected approsimat.ions, which \vert’, of course, for tho 
S okane station: Due to the probuhlu wide divergcncc 
o P the orchard minima from the Spokane miriimrt the graphs 
were used with reat. he+ancy in trying to apply their 

applied to the s ewpoint. This ta e le required only simple 

results to orcliar 3 conditions. 

GRAPHS FROM THE NEW FIELD DATA. 

When the Iiygroniet,ric t1a.t.a from the orchard licy stn- 
tions began coming in we soon started the constructioii 
of our field graphs. -4s the dots were entered froin week 
to week we were astonished to find that they were falling 
slow n usable curve. A final checking up on these field 
grapyis showed t.hat by the close of the frost season much 
more accurate approximnt:ions of the following morning 
orchard minima could be macle by them t.han by the 
detailed 5-ye.zr Spokane graphs. These gave niiniinii. 
that were clccurat.e more than 15 per cant of the tinic; 
wit,hin lo, about 33 per cent of the time: 2 O ,  60 per cent: 
3O, 60 per cent; and 4O, 70 per cent of the time. Tlie 
other 30 per cent of the time the approximat.ions ranged 

from 5 O  t.o 9’ in error, except one case, which was 13’ off. 
The graphs of the two stations were not equally accuratc 
and the figures given are the means of the two stations. 

ALL CRiPHS TO A PRACTICAL TEST. 

The very practical value of these field curves was 
Inought out on one or two mornings of the survey. 
The San Francisco district forecasts on the mornings 
referred to? based wholly of course on the daily weather 
charts, called for light to heavy frost in this vicinity. 
The local forecaster at Spokane confirmed the predic- 
tions and light to heavy frost WIW heralded. through the 
us id  cards and daily weather maps. The district evening 
forecasts, based on the 6 p. ni. (1ot:al time) weather charts, 
repented the warnings. On the two [lays refcrred to, 
the A p. ni. field graphs gave deductions for iiiiniina 
well nbove freezing. Also the Ypokanc wrctph wave its 
rattier questionsblo confinn:rtion oi tohe liefd calcaations. 
The actual minima following ,t.!iese forec.asts nnd calcu- 
ltitioiis were well ulJow the tliinger line, the freezing 
point not 1i:iving bceu rcirched nt. ti.:ij- stat.ion. It was 
surprisinu whttt confidence in the iiirttheInatica1 curves 
was instified in the loc.cil forccarstcr by these two occur- 
re nces . 

5 1’. M. GRAPIIS FOR EVERY MONTH. 

The ossibilities of useful deductions from the use of 

time appeared as a great stiiiiulus for extending the 
work to cover other portions of the year than the spring 
frost season. The fruit crop is subject to injury froni 
low temperature in the autumn while on the trees, in 
storage, or in transit, and a foreknowledge of sudden 
temperature falls in the autumn or early winter might 
he 8s much protection to the orchardist as a frost warn- 
ing in the months of April, Nay, and June. Similar 
dot. curves wcre accordingly constructed for one of t,he 
fa11 months covering 10 years of Spokane records. 

These c.linrt,s, one each for clear, partly cloudy, and 
cloucly observations of the 5 1). m. readings, gave as 
nccurate results for Spokane minima as did the spring 
rhnrts. So we continued the making of these afternoon 
charts for other fall months, t.hen the winter months, 
and finally we had three of the 10-year niinimuni tern- 
perature charts for ewli month of the year, all based 
on the .3 p. m. observations recorded in form No. 1001 
and morning niinima as recorded in form No. 1014. 
1 he late spring. summer. rmd early fall curves give the 
closest ap rosimations and the winter curves the far- 

ascertaining the next morning’s minima. The boundary 
lines of the dots mark the area within which the minima 
inn be expected to be indicated almost 100 por cent 

fact,ors will fall niuch closer to t,he curve, of course, 
than they do to the boundary line. 

parabo P ic curves made from hygrometric data by this 

,. 
t,hest. A1 P are not only usable. but very desirable in 

of t x e t,ime. In  the great majority of cases the necessary 

WOOX MINIMUM OR.4PHS MORE ACCURATE. 

Success with the 5 o’clock gra hs m e  additional 

close estimates, possibly noon calculat.ions might a so 
Graphs were accordingly made for one month of noon 
ohservations, using all of the -1 ears’ hygryiietric and 

The noon graphs in many cases mare more accurate 
deduction! than did the evening. convinced of this all, 

Ve interest to charting. If 5 o’cloc R i  c culations 

weather observations. The resu r ts were quite stsrtli*. 



528 MONTHLY WEATHER REVIEW. OCIWBER, 1922 

the available noon data in the Spokane records were 
compiled and three graphs for each remaining month 
constructed. Application of the proper graphs to the 
61 days of the 1922 survey ave approximations within 
4' of accuracy 77 per cent o f the time. 

MAXIMuM GRAPHS MOST ACCURATE OF ALL. 

These unexpected and astonishing results obtainable 
every day by the noon ra hs in connection wit.h mini- 
mum temperatures raise3 t i e  query as to whether maxi- 
mum graphs might not be practicable. Gra h momen- 

needed to try out their accuracy. The data of dew oint 

it remained only to copy them anawork out the depar- 
tures of t.he afternoon maxima from the noon dew points 
and plot them. The first set of these graphs gave re- 
markably close approximations which encouraged us to 
complete the 36 noon ma.simum graphs, 3 for each month. 
They were afterwards applied t,o all the Spokane maxima 
occurring during the 61 days of the temperature survey 
with the follomng percentages of accuracy: Within lo! 
52 per cent; a', 78 per cent; 3O, 89 per cent.; and Go, 
100 per cent. It is admitted that a foreknowledge of 
t.he maximum is of less advanttige t,lian of the minimum, 
but it is conceivable that a t  times this advance infoniin- 
tion would be of value. At any rate it was of reat inter- 
est to discover a clue to calculating it. Wfen qppor- 
tunit emits  it is desired to apply tlie early morning or 
P miigrenoon humidit d a h  in an effort t.0 nriive at  an 

liminary t.ry out b use of the 5 a. m. hygromet.ric 1at.n 

in abeyance. During one or two heated eriods this 
summer these graphs were founfl quite usefu Y in inforiii- 

the afternoon newspaper in time for publication 

exceeded. 

tum was high now and but! litt,lc additiona P work was 

and humidity had already been corn ilcd and checke % and 

earlier determination o P the aft-eiiioon mssimtt. A re- 

was not particular P 7 encoura.ging, but the mat,ter is only 

w '"A ether previous records were likely to he equaled or 

QRAPHR rlLW*AYS USABLE, BUT STILL IN THE ROUGII. 

It is realized that rarious observers who have used 
arabolic curves for estimating minimum t,em eratures 

the cloudy or rainy nights, but it is believed t>ha.t these 
graphs have a universal pract.ica1 application. In  mak- 
mg the S okane curves no nights were eliminated. The 
corn lete x curves take into consideration every 6 p. ni. 
rea J ing and every morning minimum available. The 
deductions from them are therefore applicable for any 
kind of a night, within the range of accuracy represented 
by the dots. Some experiment.ation was entered into 
by segregating the radiation n i g h  or nights with mini- 
ma near freezing or below and plottine t,he corres onding 

tained gave practically the same results as did t.he all- 
inclusive p a  hs. It is not claimed for these comprehen- 

I t  is only held that they are of immense use u ness and are 
dependable guides for the local forecaster every day in the . Moreover, they may act as emergency aids in the g r  afternoon when the local and district forecasters 
(using the weather map only) have overlooked an immi- 

Itwe segregated the so-called "radiation" nig Yl ts from 

5 p. m. hygrometric observations. The graphs t, f ius ob- 

sive graphs t fl a t  they are the IFt word in a rosimntion. ?P 

nent sudden temperature drop or cold wave, such as may 
sometimes occur overnight. 

Plans are in progress and in contemplation for working 
out usable correct,ions to be a plied to the graph deduc- 
tions. It is believed that t. r ley have already greatly 

FIG l.-Minlmum-temperatme prediction gra h for the months of Apdl and May 
1il7-1521. inclusive, at Spokauc, Wash., d o n  all o! the 5 p. m. c h r  observation;: 
rnr the period. 

enhanced the Weather Bureau's usefulness not only to 
the apple industry but to many others as well. 

Figures 1 and 2 show the minimum temperature fore- 
cast curves as calculated from the Spokane 5 p. m. 
hygrometric data for the months of April and May for 
1917-1921. No. 1 covers all clear, and No. 2 partly 

IQQ I.-5flnimum-temporaturo preilictim graph for tlie months of April and Yav 
1917-193. inrlusiro. at S olmne. Wash., bawd on all or thc 5 p. in. part ly  rkudr 
ohsfmations tor the peri$ 

cloudy nights. 
the equation 

v = X  + by  + b%. 
in which b equals t,he evening relative humidity and v the 
variation of the minimum temperature the following 
morning from the 5 p. m. dew point. The values of the 
unknown quantities, 2, y, and z, are shown on the charts. 

The curves arc parabolic and based on 


